Abstract -
INTRODUCTION
Design is a central activity to all types of Engineering. According to the Canadian Engineering Accreditation Board (CEAB), an accredited program must "culminate in significant design experience" [1] . Thus, engineering design is a fundamental learning objective for engineering students in Canadian universities [2] . In response to this need, many cornerstone and capstone design courses have been integrated into engineering curriculum. Rigorous assessment of students' design knowledge is crucial to create effective learning environments that facilitate development of design knowledge [2] . Assessment provides students with valuable feedback regarding their progress with respect to the intended learning outcomes as well as areas in which they may need to improve. Assessment further helps educators improve the curriculum and address public concerns about the quality of educational programs [3] .
However, assessment of design competence is a complex task [10] . Engineering design consists of multiple skills and competencies such as communication and teamwork as well as individual knowledge. Assessment tools that are systematic, flexible, and time and cost efficient are needed if we wish to adequately gauge students' design competencies as they progress through university programs [10] . As such, in the current study we aimed to develop a questionnaire that systematically targets fundamental aspects of engineering design. The survey along with the findings from the collected data is discussed in detail.
PROPOSED SURVEY

Purpose and Objectives
The proposed survey is a part of an ongoing design assessment project which aims to:
 Capture how undergraduate Engineering students develop design knowledge and expertise  Capture the challenges students face in their undergraduate design work  Inform evidence-based decision making about design instruction and program development  Inform theory and research about engineering design and effective teamwork
Survey Overview
The survey assesses four key components of Engineering Design informed by Hyman's model of the engineering design process [9] , Davis et al. [3] and models of regulated collaboration [8] . These included: (a) design process (following a plan to build a product which satisfies the client needs) (b) design communication (documenting and presenting information needed to implement desired design solutions), (c) teamwork (fulfilling roles & responsibilities, climate, time/task management, team communication), and (d) regulating teamwork (planning teamwork, strategically enacting the tasks, monitoring and evaluating progress and products, and making changes to optimize collaboration when needed).
The current survey contains three main sections: (a) Section 1 assesses the extent to which students intended to engage in each component of design during a recent project (b) Section 2 assesses how challenging students found each component of engineering design during the project; and (c) Section 3 asks students to reflect on the most significant challenge they encountered and the most important thing they learned during the project. As such, the survey examines students design intentions and skills as they relate to a specific task in one undergraduate course. That is, the task provides a snapshot of students' design skills at the current point of progression through the program. Design components and sub-components for each section are summarized in Table 1 . The survey is provided in the Appendix.
CONDUCTING THE PILOT SURVEY
Selected Course for the First Set of Data Collection
To evaluate the pilot survey and analyze the appropriateness of its questions, we conducted the survey in a mandatory first-year design course, Design and Communication I (ENGR 110/112), offered in Fall 2013 in the undergraduate Engineering program at the University of Victoria. The course consisted of two main parts, "Design" and "Communication" which were taught by in close cooperation between Faculty of Engineering and English Department. This course exposes students to the introductory principles of engineering design process through practical projects defined by clients. Further, it provides students with opportunities to improve their presentation and research skills at the University level. The survey was conducted at the end of the term when the students finished their design project for the Capital Region District (CRD), a regional government and service provider on Southern Vancouver Island.
The objective of the design project was to improve cycling modal share in the Capital Region by designing a new or enhancing an existing infrastructure solution, product or system that will inspire and motivate more residents and visitors to cycle. The students worked on the project as fixed groups of four/five for about two months. The final deliverables were posters and oral presentations. Students were encouraged to make functional/nonfunctional prototypes to illustrate their solution(s).
Participants
Participants in the first pilot implementation were 53 consenting students enrolled in ENGR 110/112. Participant demographics are summarized in Table 2 . All students enrolled in ENGR 110/112 were invited to complete the survey and participate in the research (400 students). Two invitations to participate were distributed via online course announcement by the lab instructor. Students wishing to participate in the research completed the survey online using FluidSurveys. Survey response rate was low (13.75%, n = 55). Two respondents declined to participate in the research and were excluded from analysis.  Only 61.81% of all students completed all three sections of the survey (n =34).  Mean time to complete the pilot survey was 21.10 minutes (SD = 10.67).  There is a jump in survey attrition after Section 1 ( Figure 1 ). The above findings suggest the students may have found the current survey to be too lengthy. One explanation for the steep jump in attrition after Section 1 could be that the items for Sections 2 were much longer and may have been tedious or difficult to answer.
Design Priorities
Results indicated students rated most aspects of the design process, design communication, and teamwork as a high or very high priority for the project (Figure 2 ), and rarely indicated that items were not applicable for the project. Mean priority ratings for each item are displayed in Figure 2 .
 Teamwork appeared to be the highest priority for students (M=3.47, SD=0.72) which was expected due to the major emphasis on teamwork in the class and lab activities.
 Testing/Validating appeared to be the lowest priority for students (M=2.92, SD=0.85) which was not surprising since the required deliverables for the course were posters and presentations. These results suggest students may have had difficulty distinguishing design skills that were important for the project from those that were not. For example, implementation was not a focus for the ENGR110/112 project. However, on average, students rated this as being a high priority (M=3.09, SD=0.86), and 0% of students indicated it was not applicable for the project.
Design and Teamwork Challenges
In Section 2 of the questionnaire, students rated the extent to which they found design process, design communication, teamwork, and regulating teamwork easy or challenging in the project. We examined students' scores for each category (design process, design communication, teamwork, and regulating teamwork) as well as scores for sub-components that make up each category (e.g. roles & responsibilities, team climate). Category scores were computed by taking the mean of items that make up that category. For example, Design Process score was calculated by summing ratings on all design process items and computing the mean. Scores for each sub-component were computed by taking the mean of the items that make up the sub-component. The results are summarized in Figure 3 and Table 3 . These findings are unexpected as students are in the first year of their program and likely do not possess well developed skills for design. There are number of possible explanations for these results:
 The ENGR110/112 Project may not have required extensive use of these types of skills.  Due to inexperience and novice level knowledge of design, students may have had difficulty distinguishing what design skills were used in the project from those that were not and may have had difficulty accurately self-assessing the extent to which they effectively used these design skills.  Students may have felt pressure to demonstrate their expertise in design by rating themselves highly.
Students infrequently reported items as not applicable/did not do this ( Figure 4 ). Three exceptions were Implementing & Testing/Validating (26.0% of responses), documenting/presenting design (11.78%), and adapting teamwork (11.78%).
Key Challenges
Students most often reported that working as a team was the most significant challenge they encountered during the design project (29.41%, f= 10), followed by Gathering Information (11.8%, f=4) and Planning the Project (11.8%, f=4) ( Figure 5 ).
These results were unexpected considering that students generally reported teamwork to be 'easy for them' in Section 2. One possible explanation for this finding is that teamwork items asked students about their own teamwork skills (easy vs. challenging for me) while this item asked about teamwork in general (working as a team). This explanation is corroborated by preliminary analysis of students' explanations of 'what happened' in which one emerging theme was difficulty dealing with others' working schedules, unequal participation from others in the group, etc. Few of these responses referenced students' own shortcomings in teamwork skills. 
CONCLUSIONS & NEXT STEPS
Results of the pilot survey indicated that students felt all aspects of engineering design were important for the project, and reported few difficulties in enacting design skills. While these results might seem positive, participants were first year students in an introductory engineering course, and not all components of engineering design were required in the project. As such, students appeared to have difficulty distinguishing design skills that were relevant for the project from those that were not and assessing their own skills. Furthermore, the response rate and completion rate for the survey was lower than expected. There are a number of possible explanations for these results: 1-The likely inflated self-ratings and little variability suggest the response scale (e.g. easy for me vs. challenging for me) appears to be introducing some social desirability bias. In other words, students may feel pressure to evaluate themselves highly in order to present themselves in a positive light.
2-The 4-point bipolar Likert scale may have contributed to this issue. For example, when deciding between the middle points of the scale "somewhat easy for me" and "somewhat challenging for me," students may have felt more comfortable selecting the higher of the two middle points.
3-Some items were long and complex. It is possible that students had difficulty interpreting them and they may have contributed to the low completion rate for the questionnaire. 1-Wording of items could be revised to ask students to rate their agreement about whether the project helps them to develop design process skills, design communication skills, teamwork skills, and regulating teamwork skills required of a professional engineer.
2-Agreement could be rated on a 5 point Likert scale from "Strongly disagree (did not do this)" to "Strongly agree".
3-Wording of each item could be simplified to increase students' ability to answer the questions accurately (e.g. refine items with long and complex with multiple dependencies in wording).
4-Administering the questionnaire after students have received their design project grades may help them to more accurately self-assess their skills and feel less pressure to evaluate themselves positively.
5-Response and completion rates could be boosted by using alternative modes of delivery (e.g. in class) and using results to eliminate redundant items.
6-Decisions about questionnaire scoring (one overall score; factor score?) 
Purpose and objectives
As part of improving instruction in the Engineering department, we are researching students' experiences in their design projects. Specifically, we aim to:
• Understand how undergraduate Engineering students develop design knowledge and expertise • Understand the challenges students face in their undergraduate design work • Inform evidence--based decision making about design instruction and program development • Inform theory and research about engineering design and effective teamwork.
Importance of this research
• This research will help members of the UVic community and the broader scholarly community to understand affordances and barriers in students' development of design competencies.
Participating in this research involves:
• Completing a short questionnaire about your experiences in your last design project • Allowing researchers to access institutionally collected data for research purposes (e.g., university and high school GPA, course enrolment, discipline and program) throughout your undergraduate degree Inconvenience, risks, & benefits
• The only inconvenience will be the time you spend completing the questionnaire.
• There are no known or anticipated risks.
• Potential benefits include reflecting on your design skills and how to improve them and contributing to program development and scholarly research on this topic.
Researchers relationship with participants
• Dr. LillAnne Jackson, Engineering Associate Dean Undergraduate Programs (Principal Investigator) will not know you are participating in this research. All names and identifying information will be removed before releasing data to Dr. Jackson.
• If you are enrolled in ENGR 110/112 and your course instructor is Dr. Wild (Principal Investigator), he will not know who has consented to participate or have access to the data until after the course is complete and final grades have been submitted.
Participation is voluntary; You can withdraw at anytime
• You are being asked to participate because you are an undergraduate student enrolled in a course containing a design work component/assignment in the Faculty of Engineering.
• Your participation in this research is completely voluntary. There will be no negative consequences for students who choose not to participate.
• If you decide to participate, you can withdraw at any time without any consequences or explanation. If you do withdraw from the study, your data will not be included analysis.
Anonymity and confidentiality
• Questionnaires and institutional data with your name or student ID are not anonymous. However, your confidentiality will be protected by (1) replacing your name and identifying information with a random case number, and (2) summarizing data across many students. When specific examples are used, names will be replaced with pseudonyms and all references to specific people, courses, and assignments will be removed. What will happen to data and how will findings be shared?
• All data will be stored on a password protected server or locked filing cabinet only accessible to the researchers. DATA will be stored for 10 years, after which electronic data will be erased and paper copies will be shredded.
• Data will be analyzed by the principal investigators and research collaborators. Data may also be analyzed by the principal investigators and their research collaborators as part of the engineering program accreditation process for the Canadian Engineering Accreditation Board (CEAB). Data may also be analyzed by other researchers for purposes such as for MA theses and Doctoral dissertations. Any data provided to other researchers will be fully anonymous and include no identifying information. 
Engineering Design Experiences Questionnaire
Challenges are normal when you work on team--based design projects. The purpose of this survey is to help you to distinguish between easy and challenging aspects of a recent design project and to become aware of the areas in which you may need to improve. Also, by completing this survey you help educators adjust the curriculum and learning environment to support your learning. Your valuable feedback would be highly appreciated by the Faculty of Engineering and the assessment team. 
Full Name
V Number: Age oBelow 17 o 17 to 20 o21--30 o31 to 40 oOver 40 Year of Program o1st Year o2 nd Year o3 rd Year o4 th Year or Higher Gender oMale oFemale oOther Name5 Very Easy For Me Somewhat Easy For Me Somewhat Challenging For Me Very Challenging For Me Did not do this / Not applicable to my project Fully identifying the client's need (which implies that you know who the client is and the client knows what their need is)
2 3 4 5
Describing an appropriate design goal (e.g., brief, general, and ideal response to need statement)
Defining measurable objectives to help decide how well the design meets the clients' expectations
Describing the conditions under which the design must perform 1 2 3 4 5 Making sure the design objectives were well aligned with the project needs 1 2 3 4 5 Identifying the constraints (go/no--go conditions) the design must satisfy in order to be eligible for consideration Gathering information to help stimulate creativity (e.g., patent literature on the related topics)
Gathering economic information (e.g., to evaluate the market prospect and estimate cost)
Determining how reliable and credible the information is 1 2 3 4 5 Figuring out how gathered information applies to the problem at hand 1 2 3 4 5 Using effective techniques to actively gather information (e.g., questioning, talking to a colleague or professor about the information you are seeking)
Deciding when to stop looking for more information 1 2 3 4 5 Generating alternative solutions for the design problem 1 2 3 4 5 Thinking outside the box (e.g., going beyond existing patterns and boundaries) Evaluating the initial and life--cycle cost for each alternative solution (e.g., maintenance cost)
Fully assessing the social impact of each solution 1 2 3 4 5 Evaluating the environmental impact of each solution 1 2 3 4 5 Using effective techniques for choosing the preferred design (e.g., weighted objective chart)
Fully assessing appropriate evidence/issues to make decisions 1 2 3 4 5 Rationally justifying design decisions as valuable to customer 1 2 3 4 5 Elaborating on the selected design in greater detail (e.g., determining exact sizes, required materials, cost estimate, fabrication requirement, etc.)
Creating detailed engineering drawings for each component (hard copy or computer files)
Anticipating the interaction between different components 1 2 3 4 5 Providing an assembly drawing to display how the components fit together 1 2 3 4 5 Constructing a scale model or a full--scale prototype 1 2 3 4 5 Using sophisticated computer--based drawing software for modeling (e.g., Solidwork) 1 2 3 4 5 Implementing the design to create a product 1 2 3 4 5 Analyzing performance using appropriate tests and scenarios 1 2 3 4 5 Implementing a design that meets requirements 1 2 3 4 5 Refining or changing the problem definition when necessary (e.g., the client's perception of the need changed, and you were forced to re--examine the need)
Adjusting or changing the goal when needed (e.g., broadening or narrowing the project scope)
Refining or changing design objectives and constraints when needed 
